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DECISION  TIMING  CONTROL  C I R C U I T  

TECHNICAL  FIELD 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  d e c i s i o n   t i m i n g  

c o n t r o l   c i r c u i t   p r o v i d e d   in  t h e   r e c e i v i n g   s i d e   of  t h e  

r a d i o   d a t a   t r a n s m i s s i o n   s y s t e m   u t i l i z i n g   t h e  

5  m u l t i - l e v e l   a m p l i t u d e   m o d u l a t i o n   m e t h o d .  

BACKGROUND  ART 

In  t h e   r a d i o   d a t a   t r a n s m i s s i o n   s y s t e m   u t i l i z i n g  

t h e   m u l t i - l e v e l   a m p l i t u d e   m o d u l a t i o n ,   f o r   i n s t a n c e ,   t h e  

10  6 4 - l e v e l   q u a d r a t u r e   a m p l i t u d e   m o d u l a t i o n   (QAM),  b i n a r y  

t r a n s m i s s i o n   d a t a   is   d i s t r i b u t e d   to  3  b i t s   f o r   I  

c h a n n e l   and  3  b i t s   f o r   Q  c h a n n e l   in  t h e   s e n d i n g   s i d e .  

The  3  b i t s   of  r e s p e c t i v e   c h a n n e l s   a r e   s u b j e c t e d   to   D / A  

c o n v e r s i o n   in  t h e   t i m i n g   of  p r e d e t e r m i n e d   c l o c k   a n d  

15  t h e s e   s i g n a l s   c o n v e r t e d   to   8 - l e v e l   s i g n a l s   b o t h   in  t h e  

I  c h a n n e l   and  Q  c h a n n e l .   The  8 - l e v e l   s i g n a l s   of  I  a n d  

Q  c h a n n e l s   a r e   r e s p e c t i v e l y   t r a n s m i t t e d   a f t e r   t h e  

q u a d r a t u r e   a m p l i t u d e   m o d u l a t i o n .  

A  c o n s t i t u t i o n   of  t h e   r e c e i v i n g   s i d e   is   i n d i c a t e d  
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in  F i g .   1 .  

A  d e m o d u l a t o r   10  i n p u t s   a  r e c e i v i n g   s i g n a l   S -  

f r o m   a  r e c e i v e r   ( n o t   i l l u s t r a t e d )   and   o u t p u t s   t h e   8 -  

l e v e l   s i g n a l s   S  •  ,  S ^   of  I  and  Q  c h a n n e l s .   T h e  

5  8 - l e v e l   s i g n a l s   S  •  ,  S_^  of  b o t h   I  and  Q  c h a n n e l s   a r e  

r e s p e c t i v e l y   i n p u t   to   d a t a   r e c o v e r y   c i r c u i t s   20,   30  o f  

I  and  Q  c h a n n e l s   and.  t h e   I  c h a n n e l   s i g n a l   i s   a l s o   i n p u t  

to   a  b i t   t i m i n g   r e c o v e r y   c i r c u i t   (BTR)  40.  The  b i t  

t i m i n g   r e c o v e r y   c i r c u i t   40  r e c t i f i e s   t h e   8 - l e v e l   s i g n a l  

10  S  .  of  I  c h a n n e l   w i t h   a  f u l l - w a v e   r e c t i f i e r   41  t o  cLX 

g e n e r a t e   t h e   c l o c k   e l e m e n t .   The  f u l l - w a v e   r e c t i f i e d  

s i g n a l   is   t h e n   i n p u t   to   a  p h a s e   c o m p a r a t o r   43  t o g e t h e r  

w i t h   an  o u t p u t   of  a  v o l t a g e   c o n t r o l l e d   o s c i l l a t o r   (VCO) 

42.   A  p h a s e   d i f f e r e n c e   s i g n a l   o u t p u t   f r o m   t h e   p h a s e  

15  c o m p a r a t o r   43  i s   a p p l i e d   as  a  c o n t r o l   v o l t a g e   to   VCO  4 2  

t h r o u g h   a  l o w - p a s s   f i l t e r   44.  T h e r e b y ,   VCO  42  o u t p u t s  

t h e   c l o c k   s i g n a l   CLK  w h i c h   is  s y n c h r o n i z e d   w i t h   t h e  

8 - l e v e l   s i g n a l   S  .  of  I  c h a n n e l .  

M e a n w h i l e ,   t h e   d a t a   r e c o v e r y   c i r c u i t   20  of   I  

20  c h a n n e l   i n p u t s   t h e   8 - l e v e l   s i g n a l   S  .  of  I  c h a n n e l   t o  

t h e   A/D  c o n v e r t e r   22  p r o v i d e d   as  a  d e c i s i o n   c i r c u i t  

t h r o u g h   an  e q u a l i z e r   21.   The  A/D  c o n v e r t e r   22  i n p u t s  

t h e   c l o c k   CLK  s e n t   f r o m   t h e   b i t   t i m i n g   r e c o v e r y   c i r c u i t  

40  t h r o u g h   a  v a r i a b l e   p h a s e   s h i f t e r   23,   d e c i d e s   t h e  
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8 - l e v e l   s i g n a l   S  .  of  I  c h a n n e l   i n p u t   in  t h e   t i m i n g  
a.  X 

of  c l o c k   CLK  and  c o n v e r t s   i t   i n t o   a  b i n a r y   d i g i t a l  

s i g n a l ,   and  o u t p u t s   t h e   1  b i t   l o w e r   t h a n   t h e   u p p e r   3 

b i t s   as  t h e   d e c i s i o n   e r r o r   s i g n a l   £>  w i t h   s u c h   u p p e r   3 

5  b i t s   u s e d   as  t h e   d e c i s i o n   d a t a   S  ,  . a  

M o r e o v e r ,   t h e   d a t a   r e c o v e r y   c i r c u i t   3  0  of   Q 

c h a n n e l   has   t h e   s t r u c t u r e   s i m i l a r   to   t h a t   of  t h e   d a t a  

r e c o v e r y   c i r c u i t   20  of  I  c h a n n e l .  

For  t h e   r a d i o   c o m m u n i c a t i o n   s y s t e m ,   i t   is  n e c e s s -  

10  a r y   to  l i m i t   t h e   f r e q u e n c y   band   of  s e n d i n g   s i g n a l   a n d  

t h e r e f o r e   a  f i l t e r   is   u s e d   in  t h e   s e n d i n g   s i d e .   A c c o r d -  

i n g l y ,   t h e   8 - l e v e l   s i g n a l   d e m o d u l a t e d   in  t h e   r e c e i v i n g  

s i d e   has  t h e   g e n t l e   w a v e f o r m   in  p l a c e   of  t h e   r e c t a n g u -  

l a r   w a v e f o r m .   As  a  r e s u l t ,   t h e   8 - l e v e l   s i g n a l  

15  d e m o d u l a t e d   has  t h e   eye  p a t t e r   i n d i c a t e d   in  F i g .   2  a n d  

t h e   eye  a p e r t u r e   A  is   r a t h e r   n a r r o w .  

As  t h e   d e c i s i o n   t i m i n g   d e v i a t e s   f r o m   t h e   c e n t e r   o f  

s u c h   a p e r t u r e   A,  t h e   e r r o r   r a t e   b e c o m e s   w o r s e .   T h e r e -  

f o r e ,   t h e   p h a s e   of  r e c o v e r e d   c l o c k   i s   a d j u s t e d   m a n u a l l y  

20  w i t h   t h e   v a r i a b l e   p h a s e   s h i f t e r   and  i t   i s   f i x e d   w h e n  

d e c i s i o n   is   c a r r i e d   o u t   a t   t h e   o p t i m u m   d e c i s i o n   t i m i n g  

V  

H o w e v e r ,   h e r e   l i e s   a  p r o b l e m   t h a t   i t   is   l i k e l y : :   - 

t h a t   t h e   c l o c k   p h a s e   d e v i a t e s ,   even   a f t e r   i t   i s   o n c e  
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f i x e d ,   f rom  t h e   o p t i m u m   d e c i s i o n   t i m i n g   due  to   t e m p e r a -  

t u r e   c h a n g e   or   v o l t a g e   v a r i a t i o n   and  i t   is  d i f f i c u l t   t o  

q u i c k l y   m a t c h   t h e   c l o c k   p h a s e   and  o p t i m u m   d e c i s i o n  

t i m i n g   d u r i n g   t h e   p u l l i n g - i n   p e r i o d   in  t h e   i n i t i a l  

5  s t a g e   of  d a t a   t r a n s m i s s i o n   or  when  i n t e r s y m b o l   i n t e r -  

f e r e n c e   due  to   t h e   f a d i n g   s o m e t i m e s   a p p e a r i n g  

i n c r e a s e s .  

In  a d d i t i o n ,   t h e r e   r i s e s   a  p r o b l e m   t h a t   t h e  

d e m o d u l a t e d   m u l t i - l e v e l   s i g n a l   S  •  (S  )  i s   d i s t u r b e d  

10  d u r i n g   p u l l i n g - i n   p e r i o d   or  when  i n t e r s y m b o l   i n t e r -  

f e r e n c e   i n c r e a s e s ,   a  n u m b e r   of  c r e d i b l e   s i g n a l   p o i n t s  

w h i c h   a r e   r e q u i r e d   to   c o n t r o l   s y n c h r o n i z a t i o n   b e t w e e n  

c l o c k   p h a s e   and  o p t i m u m   d e c i s i o n   t i m i n g   i s   a  l i t t l e   a n d  

t h e r e b y   a  l o n g e r   t i m e   is   r e q u i r e d   u n t i l   t h e   end  o f  

15  c o n t r o l   f o r   m a t c h i n g .  

F u r t h e r m o r e ,   i t   is  a l s o   a  p r o b l e m   t h a t   a d j u s t m e n t  

of   e q u a l i z e r   20  makes   c o m p l i c a t e d   and  l a r g e   s c a l e   h a r d -  

w a r e   s t r u c t u r e   of  e q u a l i z e r .  

In  o r d e r   to  s o l v e   s u c h   p r o b l e m s ,   a  d e c i s i o n   t i m i n g  

20  c o n t r o l   c i r c u i t   i n d i c a t e d   in  t h e   J a p a n e s e   P a t e n t   A p p l i -  

c a t i o n   No.  1 4 1 8 5 6 / 1 9 8 6   has   b e e n   p r o p o s e d .   H o w e v e r ,  

s i n c e   t h i s   d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   m o n i t o r s  

i n f o r m a t i o n   c o r r e s p o n d i n g   to  an  e r r o r   r a t e   and  c o n t r o l s  

t h e   p h a s e   of   c l o c k   t o   r e d u c e   s u c h   i n f o r m a t i o n ,   t h e  
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d i r e c t i o n   of  p h a s e   s h i f t   is  n o t   d e t e r m i n e d   d i r e c t l y  

f r o m   t h e   d e c i s i o n   d i g i t a l   s i g n a l   and  p h a s e   s h i f t  

d i r e c t i o n   is  d e t e r m i n e d   by  " T r i a l   and  E r r o r " .  

T h e r e f o r e ,   such   c o n t r o l   is  c o m p l i c a t e d   and  e a s i l y  
5  r e c e i v e s   i n f l u e n c e s   of  l i n e   c o n d i t i o n s .  

DISCLOSURE  OF  THE  INVENTION 

I t   is  a  f i r s t   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  c i r c u i t   w h i c h   a u t o m a t i c a l l y   c o n t r o l s   t h e  

10  d e c i s i o n   t i m i n g   in  t h e   r e c e i v i n g   s i d e   of  t h e   r a d i o   d a t a  

t r a n s m i s s i o n   s y s t e m ,   c o n s i d e r i n g   t h e   p r o b l e m s   of  p r i o r  

a r t   e x p l a i n e d   a b o v e .   I t   is  a  s e c o n d   o b j e c t   of  t h e  

p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  d e c i s i o n   t i m i n g   c o n t r o l  

c i r c u i t   w h i c h   a s s u r e s   q u i c k   and  a c c u r a t e   s y n c h r o n i z a t -  

15  i on   of  t i m i n g   even   u n d e r   t h e   c o n d i t i o n s   o t h e r   t h a n   t h e  

n o r m a l   c o n d i t i o n ,   f o r   i n s t a n c e ,   d u r i n g   t h e   p u l l i n g - i n  

c o n d i t i o n   or  when  i n t e r s y m b o l   i n t e r f e r e n c e   i n c r e a s e s .  

I t   i s   a  t h i r d   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to   p r o -  
v i d e   a  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   to   d i r e c t l y  

20  o b t a i n   i n f o r m a t i o n   a b o u t   t he   d e v i a t i n g   d i r e c t i o n   o f  

t i m i n g   f rom  t h e   d a t a   d e c i d e d .   M o r e o v e r ,   i t   is   a  f o u r t h  

o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  d e c i s i o n  

t i m i n g   c o n t r o l   c i r c u i t   w h i c h   may  be  f o r m e d   by  a  s i m p l e  
c i r c u i t   s t r u c t u r e .  
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In  v i e w   of  a t t a i n i n g   t h e   o b j e c t s   e x p l a i n e d   a b o v e ,  

t h e   p r e s e n t   i n v e n t i o n   c o n t r o l s   d e c i s i o n   t i m i n g   b y  

d e c i d i n g   s l o p e   of  m u l t i - l e v e l   s i g n a l   a t   t h e   c e n t e r  

d e c i s i o n   t i m i n g   TQ  f rom  t h e   d e c i s i o n   d a t a   S ^ ,   SdQ  ,  S- . ,  

5  in  a t   l e a s t   t h r e e   c o n t i n u o u s   d e c i s i o n   t i m i n g s   T_-,,  Tq  , 

T+-^  and  d e c i d i n g   d e v i a t i o n   of  d e c i s i o n   t i m i n g   f rom  s u c h  

s l o p e   and  e r r o r   s i g n a l   £@  of  d e c i s i o n   t i m i n g   T«.  T h e r e -  

by,   a d e q u a t e   d e c i s i o n   of   s l o p e   i s   c a r r i e d   o u t  

r e s p e c t i v e l y   when  t h e   l i n e   c o n d i t i o n   i s   n o r m a l   a n d  

10  d e t e r i o r a t e d .   U n d e r   t h e   n o r m a l   c o n d i t i o n ,   t h e   s l o p e  

can  be  d e c i d e d   f rom  t h e   m o n o t o n o u s   i n c r e a s e   o r  

d e c r e a s e ,   and  when  t h e   l i n e   c o n d i t i o n   i s   d e t e r i o r a t e d ,  

t h e   s l o p e   can  be  d e c i d e d   d e p e n d i n g   on  h i g h   or  low  l e v e l  

of   d e c i d e d   d a t a   b e f o r e   and  a f t e r   t h e   d e m o d u l a t e d   m u l t i -  

15  l e v e l   s i g n a l   w h i c h   is   h i g h e r   t h a n   t h e   h i g h e s t   d e c i s i o n  

l e v e l   or  is   l o w e r   t h a n   t h e   l o w e s t   d e c i s i o n   l e v e l .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is   a  b l o c k   d i a g r a m   i n d i c a t i n g   t h e   s t r u c t u r e  

20  of   t h e   r e c e i v i n g   s i d e   of   t h e   p r i o r   a r t ;  

F i g .   2  i n d i c a t e s   an  eye   p a t t e r n   and  d e c i s i o n   w a y ;  

F i g .   3  is  a  b a s i c   b l o c k   d i a g r a m   of  t h e   p r e s e n t  

i n v e n t i o n ;  
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F i g .   4  i n d i c a t e s   an  e x a m p l e   of  s l o p e   d e c i s i o n   i n  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   5  i n d i c a t e s   r e l a t i o n s h i p   b e t w e e n   s l o p e ,  

d e v i a t i o n   of  d e c i s i o n   t i m i n g   and  d e c i s i o n   e r r o r   s i g n a l ;  

5  F i g .   6  is  a  b l o c k   d i a g r a m   of  a  f i r s t   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   7  i n d i c a t e s   a n o t h e r   e x m a p l e   of  s l o p e   d i s c r i -  

m i n a t i o n   in  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   8  is  a  b l o c k   d i a g r a m   of  a  s e c o n d   e m b o d i m e n t  

10  of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   9  is  a  b l o c k   d i a g r a m   of  a  t h i r d   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   10  is  a  b a s i c   b l o c k   d i a g r a m   of  a  f o u r t h  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

15  F i g .   11  is  a  d e t a i l   b l o c k   d i a g r a m   of   t h e   f o u r t h  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

BASIC  CONSTITUTION  OF  THE  PRESENT  INVENTION 

F i g .   3  i n d i c a t e s   t h e   b a s i c   c o n s t i t u t i o n   of  t h e  

20  p r e s e n t   i n v e n t i o n .   @ 

The  d e c i s i o n   c i r c u i t   50  i n p u t s   a  m u l t i - l e v e l  

s i g n a l   Sa  and  o u t p u t s   d e c i s i o n   d a t a   S,  and  d e c i s i o n  

e r r o r   s i g n a l   &  .  When  a  number   of  l e v e l s   of  m u l t i -  
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l e v e l   s i g n a l   is   d e t e r m i n e d   as  2  ,  t h e   d e c i s i o n   d a t a   S-, 

b e c o m e s   a  b i n a r y   d i g i t a l   s i g n a l   of  n  b i t s .   The  d e c i -  

s i o n   e r r o r   s i g n a l   i n d i c a t e s   t h a t   t h e   i n p u t   m u l t i - l e v e l  

s i g n a l   c o r r e s p o n d s   to   t h e   u p p e r   or  l o w e r   r a n g e   t h a n   t h e  

5  c e n t e r   in  t h e   r a n g e   d e c i d e d   in  e a c h   l e v e l .   F o r  

e x a m p l e ,   in  t h e   c a s e   of  8 - l e v e l   s i g n a l ,   t h r e e   b i t s   Bl  ~  

B3  i n d i c a t e   to   w h i c h   l e v e l   in  t he   8  l e v e l s   ( L l ~ L 8 )   t h e  

i n p u t   s i g n a l   i s   n e a r   as  i n d i c a t e d   in  F i g .   2  and  one   b i t  

B4  l o w e r   t h a n   t h e   d e c i s i o n   d a t a   is  o u t p u t   as  t h e  

10  d e c i s i o n   e r r o r   s i g n a l   £  . 

The  s l o p e   d e c i s i o n   m e a n s   60  d e c i d e s   s l o p e   o f  

m u l t i - l e v e l   s i g n a l   a t   t h e   c e n t e r   d e c i s i o n   t i m i n g s   f r o m  

t h e   d e c i s i o n   d a t a   of  a t   l e a s t   c o n t i n u o u s   t h r e e   d e c i s i o n  

t i m i n g s   and  o u t p u t s   a  s l o p e   i n d i c a t i o n   s i g n a l   (  Y  ) 

15  w h i c h   i n d i c a t e s   s u c h   s l o p e   is   p o s i t i v e   or   n e g a t i v e .  

For   i n s t a n c e ,   as  i n d i c a t e d   in  F i g .   4,  in  c a s e   t h e  

l e v e l s   i n d i c a t e d   by  t h e   d e c i s i o n   d a t a   a t   t h e   c o n t i n u o u s  

t h r e e   d e c i s i o n   t i m i n g s   T_,  ,  Tq,  T  ,  i n c r e a s e   m o n o t o -  

n o u s l y   l i k e   t h e   l i n e   (a)  ,  t h e   s l o p e   a t   t h e   d e c i s i o n  

20  t i m i n g   Tq  i s   p o s i t i v e .   M o r e o v e r ,   t h e   l e v e l s   d e c r e a s e  

m o n o t o n o u s l y   l i k e   t h e   l i n e   (b)  ,  t h e   s l o p e   a t   t h e  

d e c i s i o n   t i m i n g   T~  i s   n e g a t i v e .   B u t ,   in  c a s e   t h e  

l e v e l s   a r e   o n c e   d e c r e a s e d   and  t h e r e a f t e r   i n c r e a s e d ,   t h e  

s l o p e   c a n n o t   be  d e f i n e d   and   b e c o m e s   u n c l e a r .  
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A  l e a d / d e l a y   d e c i s i o n   means   70  d e c i d e s   w h e t h e r  

t h e   d e c i s i o n   t i m i n g   of  d e c i s i o n   c i r c u i t   50  is   l e a d i n g  

or  d e l a y e d   f rom  t h e   o p t i m u m   d e c i s i o n   t i m i n g   Tg  f r o m   t h e  

s l o p e   i n d i c a t i o n   s i g n a l   and  d e c i s i o n   e r r o r   s i g n a l   £.  a t  

5  t h e   c e n t e r   d e c i s i o n   t i m i n g   and  o u t p u t s   a  p h a s e   d e c i s i o n  

s i g n a l   P.  For  i n s t a n c e ,   in  t h e   c a s e   of   p o s i t i v e   s l o p e  

i n d i c a t e d   by  a  s o l i d   l i n e   in  F i g .   5,  t h e   d e c i s i o n   e r r o r  

s i g n a l   b e c o m e s   0  when  t h e   d e c i s i o n   t i m i n g   by  t h e   c l o c k  

CLK  is  l e a d i n g   t h e   o p t i m u m   d e c i s i o n   t i m i n g   Ts  or  b e -  

10  comes   1  when  i t   is   d e l a y e d .   On  t h e   o t h e r   h a n d ,   in  c a s e  

t h e   s l o p e   is  n e g a t i v e   as  i n d i c a t e d   by  a  b r o k e n   l i n e ,  

r e l a t i o n s h i p   b e t w e e n   t h e   l e a d   and  d e l a y   of  d e c i s i o n  

t i m i n g   and  1  ,  0  of  t h e   d e c i s i o n   e r r o r   s i g n a l   £•  i s  

r e v e r s e d   f rom  t h a t   of  p o s i t i v e   s l o p e .   T h e r e b y ,   l e a d   o r  

15  d e l a y   of  t h e   d e c i s i o n   t i m i n g   can  be  d e c i d e d   f rom  p o s i -  

t i v e   or  n e g a t i v e   s l o p e   and  d e c i s i o n   e r r o r   s i g n a l   t  • 

A  c l o c k   g e n e r a t i n g   means   80  g e n e r a t e s   t h e   c l o c k  

f o r   d e c i s i o n   to  s e n d   i t   to   t h e   d e c i s i o n   c i r c u i t   50  a n d  

c h a n g e s   p h a s e   of  c l o c k   on  t h e   b a s i s   of   t h e   p h a s e  

20  d e c i s i o n   s i g n a l   P  s e n t   f rom  t h e   I e a d / c 3 e l a y   d e c i s i o n  

m e a n s   7 0 .  

F i r s t   E m b o d i m e n t :  

A  s t r u c t u r e   of  t h e   f i r s t   e m b o d i m e n t   o f   t h e   p r e s e n t  

i n v e n t i o n   is  i n d i c a t e d   in  F i g .   6 .  
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The  A/D  c o n v e r t e r   51  i s   c o r r e s p o n d i n g   to   t h e  

d e c i s i o n   c i r c u i t   50  of  F i g .   3  and  i n p u t s   t h e   8 - l e v e l  

s i g n a l   S&  and  o u t p u t s   t h e   d e c i s i o n   d a t a   Sd  and  d e c i s i o n  

e r r o r   s i g n a l   £  i n d i c a t e d   in  F i g .   2 .  

5  The  d e l a y   c i r c u i t s   61,  62  and  ROM  63  c o r r e s p o n d   t o  

t h e   s l o p e   d e c i s i o n   m e a n s   60  of   F i g .   3  and   t h e   d e c i s i o n  

d a t a   §d  is   s e q u e n t i a l l y   i n p u t   to   t h e   c a s c a d e d   d e l a y  

c i r c u i t s   (T)  61  and  6 2 .  

As  a  d e l a y   c i r c u i t ,   a  D  t y p e   f l i p - f l o p   may  b e  

10  u s e d .   When  t h e   d e c i s i o n   d a t a   o u t p u t   f r o m   t h e   d e l a y  

c i r c u i t   61  i s   t h e   d e c i s i o n   d a t a   SdQ  a t   t h e   c e n t e r   d e c i -  

s i o n   t i m i n g ,   t h e   d e c i s i o n   d a t a   S^_  w h i c h   h a s   a p p e a r e d  

b e f o r e   one  c l o c k   i s   o u t p u t   f r o m   t h e   d e l a y   c i r c u i t   6 2  

and  t h e   d e q i s i o n   d a t a   Sd+  w h i c h   a p p e a r s   a f t e r   one  c l o c k  

15  is   i n p u t   to   t h e   d e l a y   c i r c u i t   61,  T h e s e   t h r e e   d e c i s i o n  

d a t a   Sd_,   s ^ Q ,   s^+  a r e   i n p u t   to   ROM  63  as  t h e   a d r e s s e s .  

In  t h e   c a s e ^ f   8 - l e v e l   s i g n a l ,   t h e   a d d r e s s   of   ROM  63 

b e c o m e s   9  b i t s   s i n c e   t h e   d e c i s i o n   d a t a   i s   f o r m e d   by  3 

b i t s .   Cor.  t e n t s '   o f   X  and  Y  of  ROM  63  a r e   r e s p e c t i v e l y  

20  s l o p e   p o l a r i t y   s i g n a l   Y±  of   one  b i t   and   v a l i d i t y   s i g n a l  

K2  of  one  b i t .   T h e s e   s l o p e   p o l a r i t y   s i g n a l   r \   a n d  

v a l i d i t y   s i g n a l   Y^  c o r r e s p o n d   to   t h e   s l o p e   i n d i c a t i o n  

s i g n a l   X  .  The  s l o p e   p o l a r i t y   s i g n a l   Y-L  b e c o m e s   "1"  f o r  

p o s i t i v e   s l o p e   or   "0"  f o r   n e g a t i v e   s l o p e .   The  v a l i d i t y  
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d i s p l a y   s i g n a l   Y  
2  b e c o m e s   "1"  when  t h e   s l o p e   p o l a r i t y  

s i g a l   Y^  is   v a l i d   or  "0"  when  i t   is   i n v a l i d .   F o r  

e x a m p l e ,   in  t he   c a s e   of  c u r v e   (a)  of  F i g .   4,  S ,  

b e c o m e s   " 1 0 0 " ,   SdQ  b e c o m e s   "101"   and  Sd+  b e c o m e s   " 1 1 0 "  

5  and  t h e   s l o p e   is  p o s i t i v e .   T h e r e f o r e ,   c o n t e n t s   X,  Y  o f  

a d d r e s s   " 1 0 0 1 0 1 1 1 0 "   of  ROM  63  r e s p e c t i v e l y   b e c o m e   " 1 " ,  

" 1 " .   In  s i m i l a r ,   c o n t e n t s   X,  Y  of  a d d r e s s   " 1 0 1 0 1 1 0 0 1 "  

f o r   t h e   l i n e   (b)  become   " 0 " ,   "1"  and  c o n t e n t s   X,  Y  o f  

a d d r e s s   " 0 1 1 0 0 1 1 0 0 "   f o r   t h e   l i n e   (c)  become   "0"  or  " 1 "  

10  and  " 0 " .   When  Y  =  " 0 " ,   c o n t e n t   of  X  may  be  "0"  or  " 1 "  

s i n c e   i t   d o e s   no t   g i v e   any  i n f l u e n c e   on  t h e   s u c c e e d i n g  

c i r c u i t s .   Fo r   t h e   o t h e r   a d d r e s s e s ,   X  =  " 1 " ,   Y  =  "1"  c a n  

be  o b t a i n e d   f o r   m o n o t o n o u s   •  i n c r e a s e ,   w h i l e   X  =  " 0 " ,   Y  =  

"1"  f o r   m o n o t o n o u s   d e c r e a s e   and  X  =  "0"  or  " 1 " ,   Y  =  " 0 "  

15  f o r   t he   s l o p e s   o t h e r   t h a n   m o n o t o n o u s   i n c r e a s e   a n d  

m o n o t o n o u s   d e c r e a s e .  

An  e x c l u s i v e   OR  c i r c u i t   71,   d e l a y   c i r c u i t   (T)  7 2 ,  

AND  c i r c u i t   73  and  D  t y p e   f l i p - f l o p   (FF)  7  4  c o r r e s p o n d  

to   t h e   l e a d / d e l a y   d e c i s i o n   means   70  of  F i g .   3.  T h e  

20  s l o p e   p o l a r i t y   s i g n a l   Y  
 ̂ s e n t   f rom  ROM63  is   i n p u t   t o  

t h e   one  i n p u t   t e r m i n a l   of  e x c l u s i v e   OR  c i r c u i t   7 1 ,  

w h i l e   t h e   d e c i s i o n   e r r o r   s i g n a l £ i s   i n p u t   to   t h e   o t h e r  

i n p u t   t e r m i n a l   t h r o u g h   t h e   d e l a y   c i r c u i t   72.   The  d e l a y  

c i r c u i t   72  i s   p r o v i d e d   to  s y n c h r o n i z e   t h e   d e c i s i o n  
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e r r o r   e r r o r   s i g n a l   £-  to   t h e   t i m i n g   of  i n p u t t i n g   t h e  

d e c i s i o n   d a t a   S^Q  a t   t h e   c e n t e r   d e c i s i o n   t i m i n g   to  ROM 

63.   An  o u t p u t   of  t h e   e x c l u s i v e   OR  c i r c u i t   71  b e c o m e s  

"0"  w h i c h   i n d i c a t e s   t h a t   t h e   d e c i s i o n   t i m i n g   i s   d e l a y e d  

5  when  t he   s l o p e   p o l a r i t y   s i g n a l   Y^  i s   "0"  and  d e c i s i o n  

e r r o r   s i g n a l   £  i s   "0"  and  when  t h e   s l o p e   p o l a r i t y   s i g n a l  

'x   is   "1"  and  d e c i s i o n   e r r o r   s i g n a l   t   i s   "1"  and  b e c o m e s  

"1"  w h i c h   i n d i c a t e s   t h a t   t h e   d e c i s i o n   t i m i n g   i s   l e a d i n g  

in  o t h e r   c a s e s .   M e a n w h i l e ,   t h e   v a l i d i t y   s i g n a l   Y  2  i s  

10  c o n v e r t e d   to   t h e   RZ  ( R e t u r n   t o   Z e r o )   s i g n a l   by  t h e   AND 

c i r c u i t   70  and  i s   t h e n   i n p u t   to   t h e   c l o c k   t e r m i n a l   C  o f  

D  t y p e   f l i p - f l o p .   T h e r e b y ,   an  o u t p u t   of   t h e   e x c l u s i v e  

OR  c i r c u i t   71  is   n e w l y   h e l d   in  t h e   D  t y p e   f l i p - f l o p   7 4  

when  t h e   v a l i d i t y   s i g n a l   i s   " 1 " .   i f   t h e   v a l i d i t y  

15  s i g n a l   T2  i s   " 0 " ,   t h e   o ld   v a l u e   is   s t i l l   h e l d .   T h e  

v a l u e   h e l d   in  t h e   D  t y p e   f l i p - f l o p   74  i s   o u t p u t   a s  

t h e   p h a s e   d e c i s i o n   s i g n a l   P .  

A  b i t   t i m i n g   r e c o v e r y   c i r c u i t   81,   i n t e g r a t o r   82  

and  p h a s e   s h i f t e r   83  c o r r e s p o n d   to   a  c l o c k   g e n e r a t i n g  

20  m e a n s   80.  The  c l o c k   r e c o v e r y   c i r c u i t   81  i s   s i m i l a r   t o  

t h e   b i t   t i m i n g   r e c o v e r y   c i r c u i t   (BTR)  40  i n d i c a t e d   i n  

F i g .   1  and  r e c o v e r s   t h e   c l o c k   f rom  t h e   8 - l e v e l   s i g n a l  

Sa  to   o u t p u t   i t .   The  i n t e g r a t o r   82  i n t e g r a t e s   t h e  

p h a s e . _ d e c i s i o n   s i g n a l   P.  The  p h a s e   s h i f t e r   83  s h i f t s   ^  
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t h e   r e c o v e r e d   c l o c k s   d e p e n d i n g   on  t h e   i n t e g r a l   v a l u e  

and  o u t p u t s   i t   to  t h e   A/D  c o n v e r t e r   51  as  t h e   d e c i s i o n  

c l o c k   CLK.  T h e r e b y ,   t h e   c l o c k   CLK  is   c o n t r o l l e d   i n  

s u c h   a  m a n n e r   as  t h e   d e c i s i o n   i s   a l w a y s   c a r r i e d   o u t   i n  

5  t h e   o p t i m u m   d e c i s i o n   t i m i n g .  

S e c o n d   E m b o d i m e n t :  

In  r e a l i z a t i o n   of  t h e   s l o p e   d e c i s i o n   i n d i c a t e d   i n  

F i g .   4,  i f   l i n e   c o n d i t i o n   is  bad  and  d e c i s i o n   of  t h e  

c e n t e r   d e c i s i o n   t i m i n g   TQ  is  c o n d u c t e d   a t   t h e   n e x t  

10  l e v e l ,   t h e   d e c i s i o n   e r r o r   s i g n a l   has   r e v e r s e   p o l a r i t y  

and  d e c i s i o n   t i m i n g   c o n t r o l   e r r o r   may  be  g e n e r a t e d .  

F i g .   7  i n d i c a t e s   an  e x a m p l e   of  s l o p e   d e c i s i o n  

w h i c h   is  s u i t a b l e   f o r   bad  l i n e   c o n d i t i o n .   When  t h e  

8 - l e v e l   s i g n a l   c h a n g e s   as  t he   l i n e   I  i n d i c a t e s ,   n a m e l y ,  

15  when  t h e   l e v e l   of  d e c i s i o n   d a t a   a t   t h e   d e c i s i o n   t i m i n g  

T  ,  i s   l o w e r   t h a n   t h e   c e n t e r   l e v e l   L  ,  t h e   l e v e l   o f  x  c  
d e c i s i o n   d a t a   a t   t h e   d e c i s i o n   t i m i n g   TQ  i s   m a x i m u m  

l e v e l   L8  and  t h e   l e v e l   of  d e c i s i o n   d a t a   a t   t h e   d e c i s i o n  

t i m i n g   T+1  is   h i g h e r   t h a n   the   c e n t e r   l e v e l   L  ,  i t   i s  

20  i m p o s s i b l e   t h a t   t h e   s i g n a l   to  be  d e c i d e d   in  t h e   l e v e l  

h i g h e r   t h a n   t h a t   a t   t h e   d e c i s i o n   l e v e l   TQ  is   d e c i d e d   i n  

t h e   l e v e l   l o w e r   t h a n   t h e   a c t u a l   l e v e l .   T h e r e f o r e ,   w h e n  

t h e   d e c i s i o n   e r r o r   s i g n a l   £,  is  " 1 " ,   s u c h   i n f o r m a t i o n  

has   h i g h   r e l i a b i l i t y   and  i t   is   a l s o   r e l i a b l e   t h a t   s l o p e  
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i s   p o s i t i v e .   As  e x p l a i n e d   a b o v e ,   when  t h e   l e v e l   o f  

d e c i s i o n   d a t a   a t   t h e   d e c i s i o n   t i m i n g   Tfi  i s   m a x i m u m  

l e v e l   and  t h e   d e c i s i o n   e r r o r   s i g n a l   &  is   "1"  and  w h e n  

t h e   l e v e l   of  d e c i s i o n   d a t a   a t   t h e   d e c i s i o n   t i m i n g   T^  i s  

5  m in imum  l e v e l   and  t h e   d e c i s i o n   e r r o r   s i g n a l   £-  i s   " 0 " r  

t h e   d e c i s i o n   e r r o r   s i g n a l   L  has  h i g h   r e l i a b i l i t y .   W h e n  

t h e   l e v e l   of  d e c i s i o n   d a t a   a t   t h e   d e c i s i o n   t i m i n g   T ,  

and  t h e   l e v e l   of  d e c i s i o n   d a t a   a t   t h e   d e c i s i o n   t i m i n g  

T+,  a r e   o p p o s e d   to   e a c h   o t h e r   a r o u n d   t h e   c e n t e r   l e v e l  

10  L  ,  i t   is   v e r y   much  r e l i a b l e   to   make   d e c i s i o n   f o r   p o s i -  

t i v e   or  n e g a t i v e   s l o p e   a t   t h e   d e c i s i o n   t i m i n g   To  . 

N a m e l y ,   t h e   d e c i s i o n   e r r o r   s i g n a l   £-  h a s   v e r y   h i g h  

r e l i a b i l i t y   when  t h e   d e c i s i o n   e r r o r   s i g n a l   &  i s   "1"  i n  

t h e   w a v e f o r m   in  s u c h   a  t y p e   as  i n d i c a t e d   by  t h e   l i n e   I  

15  or  I I   in  F i g .   7  and  when  t h e   d e c i s i o n   e r r o r   s i g n a l   £-  i s  

"0"  in  t h e   w a v e f o r m   in  s u c h   a  t y p e   as  i n d i c a t e d   by  t h e  

l i n e   I I I   or  IV  ,  and  m o r e o v e r   t h e   w a v e f o r m   i n d i c a t e d   b y  

t h e   l i n e   I  or  I I I   has   h i g h   r e l i a b i l i t y   of   p o s i t i v e  

s l o p e ,   w h i l e   t h e   w a v e f o r m   i n d i c a t e d   by  t h e   l i n e   I I   o r  

20  IV  has   h i g h   r e l i a b i l i t y   of  n e g a t i v e   s l o p e .  

F i g .   8  i n d i c a t e s   a  c o n s t i t u t i o n   of   t h e   s e c o n d  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

As  a  d e c i s i o n   c i r c u i t   50,  l e a d / d e l a y   d e c i s i o n  
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m e a n s   70  and  c l o c k   g e n e r a t i n g   means   80,  t h e   c i r c u i t s  

i n d i c a t e d   in  F i g .   6  may  be  u s e d .  

The  d e l a y   means   61,  62,  65,  ROM  64,  i n v e r s e  

e x l c u s i v e   OR  c i r c u i t   66  and  OR  c i r c u i t   67  c o r r e s p o n d   t o  

5  t h e   s l o p e   d e c i s i o n   means   60  of  F i g .   3  and  c o n d u c t   s l o p e  

d e c i s i o n   i n d i c a t e d   in  F i g .   7.  O p e r a t i o n s   of  d e l a y  

c i r c u i t s   62  and  62  a r e   same  as  t h o s e   of  F i g .   6.  As  t h e  

c o n t e n t s   X  of  ROM64,  t h e   s l o p e   p o l a r i t y   s i g n a l   Y^  i s  

w r i t t e n ,   w h i l e   t h e   d a t a   "1"  is   w r i t t e n   in  t h e   a d d r e s s  

10  c o r r e s p o n d i n g   to  t h e   t y p e   of  l i n e s   I I   and  IV  and  t h e  

d a t a   "0"  in  t h e   a d d r e s s   c o r r e s p o n d i n g   to   t h e   t y p e   o f  

l i n e s   I I   and  IV.  As  t h e   c o n t e n t s   Y  of  ROM64,  t h e   d a t a  

"1"  is   w r i t t e n   in  t h e   a d d r e s s   c o r r e s p o n d i n g   to   t h e   t y p e  

of  l i n e s   I,   . I I ,   I I I   and  IV  and  t h e   d a t a   "0"  in  t h e  

15  o t h e r   a d d r e s s e s .   The  c o n t e n t   Z  i n d i c a t e s   t h a t   t h e  

d e c i s i o n   d a t a   a t   t h e   d e c i s i o n   t i m i n g   TQ  c o r r e s p o n d s   t o  

t h e   maximum  l e v e l   or  m in imum  l e v e l ,   and  t h e   d a t a   "1"  i s  

w r i t t e n   in  t h e   a d d r e s s   c o r r e s p o n d i n g   to   t h e   t y p e   o f  

l i n e s   I  and  I I ,   w h i l e   t h e   d a t a   "0"  in  t h e   a d d r e s s  

20  c o r r e s p o n d i n g   to   t h e   t y p e   of  l i n e s   I I I   and  IV.  The  Z 

o u t p u t   of  ROM64  and  t h e   d e c i s i o n   e r r o r   s i g n a l   £  a t   t h e  

d e c i s i o n   t i m i n g   TQ  s e n t   t h r o u g h   t h e   d e l a y   c i r c u i t   6 5  

a r e   i n p u t   t h e   i n v e r s e   e x c l u s i v e   OR  c i r c u i t   66.  T h e  

e x c l u s i v e   NOR  c i r c u i t   66  o u t p u t s   "1"  when  t h e   Z  o u t p u t  



0 2 9 6 2 5 3  

-  16  -  

of  ROM64  is   "1"  and  t h e   d e c i s i o n   e r r o r   s i g n a l   £  is   " I " ,  

and  when  t h e   Z  o u t p u t   of  ROM64  i s   "0"  and  t h e   d e c i s i o n  

e r r o r   s i g n a l   e  is   "0"  and  a l s o   o u t p u t s   "0"  in  o t h e r  

c a s e s .   B o t h   o u t p u t s   of  e x c l u s i v e   NOR  c i r c u i t   66  and  Y 

5  o u t p u t   of  ROM64  a r e   i n p u t   to   t h e   AND  c i r c u i t   6 7 .  

T h e r e b y ,   an  o u t p u t   of  t h e   AND  c i r c u i t   67  b e c o m e s   " 1 "  

f o r   t h e   t y p e   i n d i c a t e d   by  l i n e s   I  and  I I   and  f o r   t h e  

d e c i s i o n   e r r o r   s i g n a l   £-  of  "1"  and  b e c o m e s   "0"  f o r  

o t h e r   c a s e s .   A c c o r d i n g l y ,   an  o u t p u t   of  t h e   AND 

10  c i r c u i t   67  may  be  u s e d   as  t h e   v a l i d i t y   s i g n a l   X  ~ .  

M o r e o v e r ,   t h e   X  o u t p u t   of  ROM64  may  be  u s e d   as  t h e  

s l o p e   p o l a r i t y   s i g n a l   T  -\  . 

T h i r d   E m b o d i m e n t :  

In  t h e   c l o c k   r e c o v e r y   c i r c u i t   81  of  t h e   e m b o d i m e n t  

15  i n d i c a t e d   in  F i g .   6,  VCO  42  c o n t r o l s   t h e   o s c i l l a t i o n  

f r e q u e n c y   ( p h a s e )   b a s e d   on  t h e   p h a s e   d i f f e r e n c e   s i g n a l  

s e n t   f r o m   a  p h a s e   c o m p a r a t o r   43  as  i n d i c a t e d   in  F i g .   1 .  

An  o u t p u t   of  VCO  42  i s   f u r t h e r   p h a s e - c o n t r o l l e d   by  t h e  

p h a s e   s h i f t e r   83  of  F i g .   6.  T h e r e f o r e ,   t h e   p h a s e  

20  c o n t r o l   i s   c a r r i e d   ou t   a t   t h e   two  p o i n t s   f o r   t h e   c l o c k  

CLK  and   t h i s   c i r c u i t   s t r u c t u r e   i s   n o t   e f f e c t i v e .  

F i g .   9  is  t h e   s t r u c t u r e   of  t h e   t h i r d   e m b o d i m e n t .  

As  t h e   d e c i s i o n   c i r c u i t   50,  s l o p e   d e c i s i o n   means   60  a n d  

l e a d / d e l a y   d e c i s i o n   m e a n s   70,   t h e   c i r c u i t s   i n d i c a t e d   i n  
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F i g .   6  may  be  u s e d .  

The  i n t e g r a t o r   84  and  VCO85  c o r r e s p o n d s   to  a  c l o c k  

g e n e r a t i n g   means   80  i n d i c a t e d   in  F i g .   6.  The  i n t e g -  

r a t o r   84  i n t e g r a t e s   t h e   d e c i s i o n   s i g n a l   P  s e n t   f rom  t h e  

5  l e a d / d e l a y   d e c i s i o n   means   70.  VCO85  o s c i l l a t e s   w i t h   h e  

f r e q u e n c y   c o r r e s p o n d i n g   to  an  i n t e g r a l   v a l u e   and  o u t -  

p u t s   t h e   d e c i s i o n   c l o c k   CLK  to  t h e   d e c i s i o n   c i r c u i t  

50.   The  i n t e g r a t o r   84  o p e r a t e s   in  common  as  t h e   i n t e g -  

r a t o r   82  of  F i g .   6  and  t h e   l o w - p a s s   f i l t e r   44  of  F i g .  

10  1.  T h e r e b y ,   t h e   f u l l - w a v e   r e c t i f i e r   41  and   p h a s e  

c o m p a r a t o r   43  of  F i g .   1  and  t h e   p h a s e   s h i f t e r   83  o f  

F i g .   6  may  be  o m i t t e d .  

F o u r t h   E m b o d i m e n t :  

F i g .   10  is   a  b a s i c   c o n s t i t u t i o n   of  t h e   f o u r t h  

15  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .   In  F i g .   10,   a  

l i n e   c o n d i t i o n   d e c i s i o n   means   90  is   p r o v i d e d   in  a d d i -  

t i o n   to  t h e   c o n s t i t u t i o n   i n d i c a t e d   in  F i g .   3  in  t h i s  

e m b o d i m e n t   and  t he   f i r s t   s l o p e   d e c i s i o n   m e a n s   60_,   a n d  

t h e   s e c o n d   s l o p e   d e c i s i o n   means  60_2  a r e   p r o v i d e d   a s  

20  t h e   s l o p e   d e c i s i o n   m e a n s   60  to  s e l e c t   t h e   one   of  t h e s e  

s l o p e   d e c i s i o n   means   6 0 _ l f   60_2  in  a c c o r d a n c e   w i t h   t h e  

l i n e   c o n d i t i o n .   As  t h e   d e c i s i o n   c i r c u i t   50,  l e a d /  

d e l a y   d e c i s i o n   means   70  and  c l o c k   g e n e r a t i n g   means   8 0 ,  

t he   c i r c u i t s   s i m i l a r   to   t h o s e   of  F i g .   6  may  be  u s e d .  
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F i g .   11  i n d i c a t e s   d e t a i l   c o n s t i t u t i o n   of  t h e  

f o u r t h   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n -   The  i n t e r -  

n a l   c o n s t i t u t i o n   of  t h e   s l o p e   d e c i s i o n   m e a n s   60_,   o f  

F i g .   1  and  t h a t   of  t h e   s l o p e   d e c i s i o n   m e a n s   60_~  o f  

5  F i g .   2  a r e   r e s p e c t i v e l y   s i m i l a r   t o   t h a t   of  t h e   s l o p e  

d e c i s i o n   means   60  of  F i g .   8.  H o w e v e r ,   ROM63  and  ROM64 

a r e   r e s p e c t i v e l y   p r o v i d e d   w i t h   t h e   e n a b l e   t e r m i n a l s  

(EN,  EN)  and  t h e s e   a r e   d r i v e n   when  "0"  and  "1"  a r e  

r e s p e c t i v e l y   i n p u t   to   t h e s e   t e r m i n a l s .   T h e s e   c i r c u i t s  

10  s t o p   t h e   o p e r a t i o n s   when  "1"  and  "0"  a r e   r e s p e c t i v e l y  

i n p u t   to  s u c h   t e r m i n a l s .   M o r e o v e r ,   t h e   d e l a y   c i r c u i t s  

61  and  62  a r e   u s e d   in  common  by  t h e   f i r s t   and  s e c o n d  

s l o p e   d e c i s i o n   m e a n s   6 0 ,   ,  6 0 _ ~ .  

The  e x c l u s i v e   NOR  c i r c u i t   91 ,   i n t e g r a t o r   92  a n d  

15  c o m p a r a t o r   93  c o r r e s p o n d   to   t h e   l i n e   c o n d i t i o n   d e c i s i o n  

means   90  of  F i g .   1 0 .  

The  A/D  c o n v e r t e r   52  c o r r e s p o n d s   to   t h e   d e c i s i o n  

c i r c u i t   50  of  F i g .   3  and  o u t p u t s   n o t   o n l y   t h e   d e c i s i o n  

d a t a   S,  and  d e c i s i o n   e r r o r   s i g n a l   b u t   a l s o   t h e   s u b -  

20  d e c i s i o n   e r r o r   s i g n a l   £ * .   The  s u b - d e c i s i o n   e r r o r  

s i g n a l   £  '  i n d i c a t e s   w h e t h e r   t h e   m u l t i - l e v e l   s i g n a l  

e x i s t s   in  t h e   u p p e r   or  l o w e r   r a n g e   when  t h e   r a n g e  

s e c t i o n e d   by  t h e   d e c i s i o n   e r r o r   s i g n a l s -   is   f u r t h e r  

d i v i d e d   i n t o   two  s e c t i o n s ,   and  t h e   s i g n a l   b e c o m e s   " 1 "  
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and  "0"  f o r   r e s p e c t i v e   r a n g e s .   Such  s i g n a l   can  b e  

o b t a i n e d   as  t h e   5 t h   b i t   B5  f o r   d e c i s i o n   c i r c u i t   of  t h e  

8 - l e v e l   s i g n a l .  

When  t h e   d e c i s i o n   e r r o r   s i g n a l   £-  is   "1"  and  t h e  

5  s u b - d e c i s i o n   e r r o r   s i g n a l   V  is   " 1 " ,   t h e   i n p u t   l e v e l   t o  

t he   A/D  c o n v e r t e r   52  is  in  t h e   h i g h e r   r a n g e   among  t w o  

r a n g e s   h a v i n g   t h e   l e v e l s   h i g h e r   t h a n   t h e   c o r r e c t   d e c i -  

s i o n   l e v e l .   In  s i m i l a r ,   when  t h e   d e c i s i o n   e r r o r   s i g n a l  

£  is   "0"  and  s u b - d e c i s i o n   e r r o r   s i g n a l   £'  is   " 0 " ,   a n  

10  e r r o r   f rom  t h e   c o r r e c t   d e c i s i o n   l e v e l   i s   l a r g e .   On  t h e  

o t h e r   h a n d ,   when  t h e   d e c i s i o n   s i g n a l   ,  and  s u b - d e c i s i o n  

e r r o r   s i g n a l   £'  a r e   r e s p e c t i v e l y   "1"  and  "0"  or  "0"  a n d  

" 1 " ,   an  e r r o r   f rom  t h e   c o r r e c t   d e c i s i o n   l e v e l   is   s m a l l .  

The  e x c l u s i v e   NOR  c i r c u i t   91  o u t p u t s   "1"  when  t h e  

15  d e c i s i o n   e r r o r   s i g n a l ^ a n d   s u b - d e c i s i o n   e r r o r   s i g n a l   £. '  

a r e   r e s p e c t i v e l y   "0"  and  "0"  or  "1"  and  " 1 " ,   n a m e l y  

when  e r r o r   f rom  t h e   c o r r e c t   d e c i s i o n   l e v e l   i s   l a r g e ,  

and  a l s o   o u t p u t s   "0"  when  t h e   d e c i s i o n   e r r o r   s i g n a l   ' 

and  s u b - d e c i s i o n   e r r o r   s i g n a l   £'  and  s u b - d e c i s i o n   e r r o r  

20  s i g n a l   a r e   r e s p e c t i v e l y   "0"  and  "1"  or  "1"  and  " 0 " ,  

n a m e l y   when  e r r o r   f rom  t h e   c o r r e c t   d e c i s i o n   l e v e l   i s  

s m a l l .  

An  i n t e g r a t o r   92  i n t e g r a t e s   o u t p u t   "1"  of  t h e  

e x c l u s i v e   NOR  c i r c u i t   91  w i t h   t h e   p r e d e t e r m i n e d   t i m e  
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c o n s t a n t .   The  c o m p a r a t o r   93  c o m p a r e s   s u c h   i n t e g r a t e d  

v a l u e   w i t h   t he   r e f e r e n c e   v o l t a g e   V  and  o u t p u t s   " 1 "  

when  t h e   i n t e g r a t e d   v a l u e   i s   l a r g e r   or  "0"  when  t h e  

i n t e g r a t e d   v a l u e   i s   s m a l l e r .   T h a t   i s ,   when  t h e   e r r o r  

5  f rom  t h e   c o r r e c t   d e c i s i o n   l e v e l   o f t e n   b e c o m e s   l a r g e ,  

t h e   i n t e g r a t o r   d e c i d e s   t h a t   t h e   l i n e   c o n d i t i o n   h a s  

c h a n g e d   bad  and  o u t p u t s   " 1 " .  

W h i l e   t h e   c o m p a r a t o r   93  o u t p u t s   " 0 " ,   ROM63  of  t h e  

f i r s t   s l o p e   d e c i s i o n   c i r c u i t   6 0 ,   i s   d r i v e n   t o   r e a l i z e  

10  t h e   s l o p e   d e c i s i o n   e x p l a i n e d   in  r e g a r d   to   t h e   f i r s t  

e m b o d i m e n t   and  o u t p u t s   t h e   s l o p e   p o l a r i t y   s i g n a l   Y  -,  a n d  

v a l i d i t y   s i g n a l   ?   2  r e s p e c t i v e l y   t h r o u g h   t h e   OR  c i r c u i t s  

68  and  69.  In  t h i s   c a s e ,   t h e   p r o b a b i l i t y   f o r   i n p u t   o f  

t h e   w a v e f o r m   w h i c h   makes   v a l i d   t h e   s l o p e   p o l a r i t y  

15  s i g n a l   b e c o m e s   h i g h   c o m p a r a t i v e l y .  

W h i l e   t he   c o m p a r a t o r   93  o u t p u t s   " 1 " ,   ROM64  of   t h e  

s e c o n d   s l o p e   d e c i s i o n   c i r c u i t   60_2  is   d r i v e n   to   r e a l i z e  

t h e   s l o p e   d e c i s i o n   e x p l a i n e d   in  r e g a r d   to   t h e   s e c o n d  

e m b o d i m e n t   and  o u t p u t s   t h e   s l o p e   p o l a r i t y   s i g n a l   y ,   a n d  

20  v a l i d t y   s i g n a l   Y  ̂   r e s p e c t i v e l y   t h r o u g h   t h e   OR  c i r c u i t s  

68  and  69.  In  t h i s   c a s e ,   t h e   p r o b a b i l i t y   f o r   i n p u t   o f  

w a v e f o r m   w h i c h   makes   v a l i d   t h e   s l o p e   p o l a r i t y   s i g n a l   i s  

low  b u t   r e l i a b i l i t y   of  s l o p e   d e c i s i o n   when  i t   b e c o m e s  

v a l i d   is   h i g h   and  l a r g e   e f f e c t   can  be  o b t a i n e d   when  t h e  
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l i n e   c o n d i t i o n   b e c o m e s   b a d .  

In  e a c h   e m b o d i m e n t   e x p l a i n e d   a b o v e ,   t h e   s l o p e  

d e c i s i o n   i s   c a r r i e d   o u t   on  t h e   b a s i s   of  t h e   d e c i s i o n  

d a t a   of  t h r e e   c o n t i n u o u s   d e c i s i o n   t i m i n g s   b u t   i t   m a y  

a l s o   be  done   on  t h e   b a i s   of  t h e   d e c i s i o n   d a t a   of  t h r e e  

or  more   d e c i s i o n   t i m i n g s .  
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CLAIMS  : 

1.  A  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t ,   in  t h e  

r a d i o   d a t a   t r a n s m i s s i o n   s y s t e m   w h e r e i n   t h e   s e n d i n g   s i d e  

t r a n s m i t s   t h e   s i g n a l   t h r o u g h   m u l t i - l e v e l   a m p l i t u d e  

m o d u l a t i o n   of  s e n d   d a t a   w i t h   t h e   c a r r i e r   w h i l e   t h e   r e -  

5  c e i v i n g   s i d e   o b t a i n s   t h e   s e n d   d a t a   by  d e c i d i n g   t h e  

m u l t i - l e v e l   s i g n a l   d e m o d u l a t e d   w i t h   a  d e c i s i o n   c i r c u i t  

w h i c h   a l s o   o u t p u t s   a  d e c i s i o n   e r r o r   s i g a l   (  £  )  i n d i c a t -  

ing   w h e t h e r   t h e   d e m o d u l a t e d   m u l t i - l e v e l   s i g n a l   i s  

h i g h e r   or  l o w e r   t h a n   t h e   c o r r e c t   d e c i s i o n   l e v e l   i n  

10  a d d i t i o n   to   s u c h   s e n d   d a t a   (Sd)  d e c i d e d   in  t h e   t i m i n g  

of  r e c o v e r e d   c l o c k ,   c o m p r i s i n g :  

a  s l o p e   d e c i s i o n   means   (60)   w h i c h   i s   o p e r a t i v e l y  

c o n n e c t e d   w i t h   t h e   d e c i s i o n   c i r c u i t   (50)   and  o u t p u t s   a  

s l o p e   i n d i c a t i o n   s i g n a l   (  £.  )  w h i c h   d e c i d e s   s l o p e   o f  

15  m u l t i - l e v e l   s i g n a l   a t   t h e   c e n t e r   d e c i s i o n   t i m i n g   on  t h e  

b a s i s   of   t h e   d e c i s i o n   r e s u l t   (Sd)  in  a t   l e a s t   t h r e e  

c o n t i n u o u s   d e c i s i o n   t i m i n g s   and  i n d i c a t e s   w h e t h e r   s l o p e  

i s   p o s i t i v e   or  n e g a t i v e ,  

a  l e a d / d e l a y   d e c i s i o n   means   (70)   w h i c h   i s   o p e r a -  

20  t i v e l y   c o n n e c t e d   w i t h   t h e   d e c i s i o n   c i r c u i t   (50)   a n d  

s l o p e   d e c i s i o n   means   (60)  and  o u t p u t s   t h e   p h a s e   d e c i -  

s i o n   s i g n a l   (P)  by  d e c i d i n g   w h e t h e r   t h e   d e c i s i o n  

t i m i n g   a t   t h e   d e c i s i o n   p o i n t   i s   l e a d i n g   or  d e l a y e d   f r o m  

~ W  
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t h e   d e c i s i o n   e r r o r   s i g n a l   (  £  )  a t   t h e   c e n t e r   d e c i s i o n  

t i m i n g s   and  t h e   d e c i d e d   s l o p e   (  Y  )  ,  a n d  

a  c l o c k   g e n e r a t i o n   means   (80)   w h i c h   i s   o p e r a t i v e l y  

c o n n e c t e d   w i t h   t h e   l e a d / d e l a y   d e c i s i o n   means   (70)  a n d  

5  t h e   d e c i s i o n   c i r c u i t   (50)   and  g e n e r a t e s   t h e   p h a s e -  

c o n t r o l l e d   c l o c k   (CLK)  b a s e d   on  t h e   t h e   p h a s e   d e c i s i o n  

s i g n a l   (P)  to  be  sent   to  t h e   d e c i s i o n   c i r c u i t   ( 5 0 ) .  

2.  A  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   a c c o r d i n g  

10  to  c l a i m   1,  w h e r e i n   t h e   s l o p e   d e c i s i o n   m e a n s   ( 6 0 )  

o u t p u t s ,   as  t h e   s l o p e   i n d i c a t i o n   s i g n a l   ( T ) ,   t h e  

s l o p e   p o l a r i t y   s i g n a l   (  J^)  w h i c h   i n d i c a t e s   t h e   p o s i t i v e  

s l o p e   when  t h e   d e c i s i o n   d a t a   (Sd)  of  d e c i s i o n   c i r c u i t  

(50)   i n c r e a s e s   m o n o t o n o u s l y   or  t h e   n e g a t i v e   s l o p e   w h e n  

15  i t   d e c r e a s e s   m o n o t o n o u s l y   and  t h e   v a l i d i t y   s i g n a l   (  f 2 )  

w h i c h   i n d i c a t e s   v a l i d i t y   of  s l o p e   p o l a r i t y   s i g n a l   w h e n  

t h e   d e c i s i o n   d a t a   (S^)  i n c r e a s e s   or  d e c r e a s e s   m o n o t o -  

n o u s l y   or  i n v a l i d i t y   of  s l o p e   p o l a r i t y   s i g n a l   when  i t  

d o e s   n o t   i n c r e a s e   or  d e c r e a s e   m o n o t o n o u s l y .  

20 

3.  A  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   a c c o r d i n g  

to   c l a i m   1,  w h e r e i n   t h e   s l o p e   d e c i s i o n   m e a n s   (60)   o u t -  

p u t s ,   as  t he   s l o p e   i n d i c a t i o n   s i g n a l   (  Y  )  ,  t h e   v a l i d -  

i t y   s i g n a l   ( J^)   w h i c h   i n d i c a t e s   v a l i d i t y   when  t h e  
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d e c i s i o n   d a t a   (SdQ)  a t   t he   c e n t e r   d e c i s i o n   t i m i n g   (TQ) 

in  t h e   d e c i s i o n   c i r c u i t   (50)  has   t h e   maximum  or   m i n i m u m  

l e v e l ,   t h e   d e c i s i o n   d a t a   (Sd_)   a t   t h e   p r e c e d i n g   d e c i -  

s i o n   t i m i n g   (T_1)  and  t h e   d e c i s i o n   d a t a   (Sd+)   of  t h e  

5  s u c c e e d i n g   d e c i s i o n   t i m i n g   (T+1)  h a v e   t h e   l e v e l s  

o p p o s e d   to   e a c h   o t h e r   a r o u n d   t h e   c e n t e r   l e v e l   and  t h e  

e r r o r   b i t   (  t   )  h i g h e r   t h a n   t h e   maximum  l e v e l   or  l o w e r  

t h a n   t h e   m in imum  l e v e l ,   or  i n d i c a t e s   i n v a l i d i t y   i n  

o t h e r   c a s e s   and  t h e   s l o p e   p o l a r i t y   s i g n a l   ( J ^ )   w h i c h  

TO  i n d i c a t e s   t h e   p o s i t i v e   s l o p e   when  t h e   d e c i s i o n   d a t a  

(Sd+)   a t   t h e   s u c c e e d i n g   d e c i s i o n   t i m i n g   (T+1)  is  h i g h e r  

t h a n   t h e   d e c i s i o n   d a t a   (Sd_)   a t   t h e   p r e c e d i n g   d e c i s i o n  

t i m i n g   (T  ,)   in  c a s e   t h e   v a l i d i t y   s i g n a l   (T2)  i n d i c a t e s  

t h e   v a l i d i t y   or   i n d i c a t e s   t h e   n e g a t i v e   s l o p e   when  t h e  

15  d e c i s i o n   d a t a   (Sd+)   a t   t h e   s u c c e e d i n g   d e c i s i o n   t i m i n g  

( T , , )   is   l o w e r   t h a n   t h e   d e c i s i o n   d a t a   (Sd_)   a t   t h e  

p r e c e d i n g   d e c i s i o n   t i m i n g   (T_^)   . 

4.  A  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   a c c o r d i n g  

20  to  any  of  t h e   c l a i m s   1  to   3,  f u r t h e r   c o m p r i s i n g   a  l i n e  

c o n d i t i o n   d e c i s i o n   m e a n s   (90)  w h i c h   i s   o p e r a t i v e l y   c o n -  

n e c t e d   w i t h   t h e   s l o p e   d e c i s i o n   m e a n s   (60)   and  d e c i d e s  

l i n e   c o n d i t i o n   to   o u t p u t   t h e   d e c i s i o n   r e s u l t   to   t h e  

s l o p e   d e c i s i o n   m e a n s   ( 6 0 ) ,   w h e r e i n   t h e   s l o p e   d e c i s i o n  
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m e a n s   (60)   c o m p r i s e s   a  f i r s t   s l o p e   d e c i s i o n   m e a n s  

( 6 0 _ ^ )   and  a  s e c o n d   s l o p e   d e c i s i o n   means   (60  )  any  o n e  

of  w h i c h   is   s e l e c t i v e l y   d r i v e n   in  a c c o r d a n c e   w i t h   t h e  

d e c i s i o n   r e s u l t   of  l i n e   c o n d i t i o n .  

5 

5.  A  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   a c c o r d i n g  

to   any  of  t h e   c l a i m s   1  to   4,  w h e r e i n   t h e   l e a d / d e l a y  

d e c i s i o n   means   (70)  d e c i d e s   l e a d   or  d e l a y   of  d e c i s i o n  

t i m i n g   f r o m   e x c l u s i v e   OR  b e t w e e n   t h e   d e c i s i o n   e r r o r  

10  s i g n a l   (£   )  s e n t   f rom  t h e   d e c i s i o n   c i r c u i t   (50)  and  t h e  

s l o p e   p o l a r i t y   s i g n a l   (T^)  s e n t   f rom  t h e   s l o p e   d e c i s i o n  

m e a n s   (60)   and  h o l d s   t he   d e c i s i o n   r e s u l t   as  a  new  d e c i -  

s i o n   r e s u l t   when  t h e   v a l i d i t y   s i g n a l   (T2)  s e n t   f rom  t h e  

s l o p e   d e c i s i o n   means   (60)  i n d i c a t e s   v a l i d i t y   or  h o l d s  

15  t h e   o l d   d e c i s i o n   r e s u l t   as  i t   is   when  t h e   v a l i d i t y  

s i g n a l   (  T  ̂ )  i n d i c a t e s   i n v a l i d i t y .  

6.  A  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   a c c o r d i n g  

to   any  of  t he   c l a i m s   1  to  5,  w h e r e i n   s a i d   c l o c k   g e n e -  

r a t i o n   means   (80)  c o m p r i s e s   a  b i t   t i m i n g   r e c o v e r y  

20  c i r c u i t   (81)   w h i c h   r e c o v e r s   t h e   c l o c k   f rom  m u l t i - l e v e l  

s i g n a l ,   a  i n t e g r a t o r   (82)  w h i c h   i n t e g r a t e s   t h e   p h a s e  

d e c i s i o n   s i g n a l   (P)  and  a  p h a s e   s h i f t e r   (83)   w h i c h  

s h i f t s   p h a s e   of  c l o c k   r e c o v e r e d   on  t h e   b a s i s   of  t h e  

i n t e g r a t e d   v a l u e   to  o u t p u t   to  t h e   d e c i s i o n   c i r c u i t  

25  ( 5 0 ) .  
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7.  A  d e c i s i o n   t i m i n g   c o n t r o l   c i r c u i t   a c c o r d i n g  

to  any  of  t h e   c l a i m s   1  to   5,  w h e r e i n   t h e   c l o c k   g ' e n e r a t -  

i on   means   (80)  c o m p r i s e s   a  i n t e g r a t o r   (84)   w h i c h  

i n t e g r a t e s   t h e   p h a s e   d e c i s i o n   s i g n a l   (P)  and  an  o s c i l -  

l a t o r   (85)   w h i c h   o s c i l l a t e s   w i t h   t h e   f r e q u e n c y  

c o r r e s p o n d i n g   to  t h e   i n t e g r a t e d   v a l u e .  
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is  combined  with  one  or  more  other  such  documents,  such 
combination  being  obvious  to  a  person  skilled  in  the  art 

"&"  document  member  of  the  same  patent  family 

IV.  CERTIFICATION 
Date  of  the  Actual  Completion  of  the  International  Search  a 

March   10,  1988  ( 1 0 . 0 3 . 8 8 )  

Date  of  Mailing  of  this  International  Search  Report  a 

M a r c h   28,  1988  ( 2 8 . 0 3 . 8 8 )  

International  Searching  Authority  l 

J a p a n e s e   P a t e n t   O f f i c e  
Signature  of  Authorized  Officer  »o 
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&  US,  A,  4 4 3 5 8 2 5  

j r ,   A,  5 7 - 2 0 2 1 6 4  
( W e s t e r n   E l e c t r i c   C o m p a n y ,   I n c . )  

10  D e c e m b e r   1982  (10 .   12.  8 2 )  

P.  3,  l o w e r   r i g h t   c o l u m n ,   l i n e   11  t o  

p.  7,  u p p e r   l e f t   c o l u m n ,   l i n e   1 4 ,  

{,  US,  A,  4 3 7 6 3 0 9  
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11  S e p t e m b e r   1984  ( 1 1 .   09.   8 4 )  

P.  2,  u p p e r   l e f t   c o l u m n ,   l i n e   18  t o  

V.D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE" 

Th,:  ,niern.l.or.a>  search  report  has  not  been  established  m  respect  of  carum  claims  under"  Ancle  1712)  (a)  for  the  following  reason*: 

because  they  reia.e  to  subject  mfstlef  "  not  required  to  be  searched  by  this  Authority,  namely: i.LJ  Claim  numbers. 

2  D  Cla.iT,  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
ments  to  such  ar  extent  that  nD  meaningful  international  search  can  be  earned  out  ».  specifically: 

OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  " VI.! 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  lolldws 

1  D  As  all  reouired  add,t,ona>  search  fees  were  timely  paid  by  the  applicant,  this  interr.at.onal  search  report  covers  all  searchable  claims  of  the 
international  application 

2  D  As  only  some  of  the  reauired  addit.onal  search  fees  were  timely  paid  by  the  applicant,  th.s  mternational  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3  D  No  requ.reo  add.t.onal  search  lees  were  timely  pa.d  by  .the  applicant.  Consequently,  this  mternational  search  report  is  restated  to±h£; 
invention  first  mentioned  in  the  claims:  it  is  covered  by  claim  numbers 

4.O  As  all  searchable  cla.ms  could  be  searched  without  effort  JuaWymg  an  addit.onal  fee.  the  International  Searching  Authority  d.d  not  invite 
payment  of  any  additional  tee 

RemarK  on  Protest 
D  The  additional  search  tees  were  accompanied  by  applicants  protest 
D  No  protest  accompanied  the  payment  of  additional  search  fees 
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V.D  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE1 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  17(2)  (a)  for  the  following  reasons: 
1  .LJ  Claim  numbers  because  they  relate  to  subject  matter  ll  not  required  to  be  searched  by  this  Authority,  namely: 

2.LJ  Claim  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  req ments  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out  13.  specifically: 
uire- 

VI.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  » 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1.D 1  .LJ  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the international  application. 
2.LJ  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.U  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  Is  restricted  to  the invention  first  mentioned  in  the  claims:  it  is  covered  by  claim  numbers: 

4.U  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee.  the  International  Searching  Authority  did  not  invite payment  of  any  additional  fee. 
Remark  on  Protest 
i_J  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
I  —  I  No  protest  accompanied  the  payment  of  additional  search  fees. 
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